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(57) The phosphate containing graft copolymers provided have a graft superstate and- a rubbery 
substrate, wherein the graft superstrate contains a methacrylate functional phosphate. The graft 
copolymer can be obtained at relatively high reaction rates and high conversion levels, and may be used 
as a flame retardant additive for thermoplastic compositions. The flame retardant graft copolymers are 
non-plasticizing and do not require the presence of halogens for flame retarded effectiveness. The 
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CO 
(9 
CO 



Lli 



Jouve. 18. rue Saint-Denis, 75001 PARJS 



EP0 663 410 A1 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to flame retardant graft (co)polymers, and more particularly relates to graft 

(co)polymers having flame retardant amounts of a phosphate grafted Into the graft portion of the graft (copoly- 
mer. 

Description of the Related Art 

10 

The addition of low molecular weight phosphates to impart flame retardant properties to thermoplastic poly- 
mers is generally known. However, low molecular weight phosphates can result in plasticization of the polymer 
composition, and thereby negatively affect the temperature resistance of the thermoplastic composition, as 
evidenced by a reduction in the heat distortion temperature thereof. Additionally, low molecular weight phos- 

15 phates can exhibit a tendency to migrate to the surface of the thermoplastic composition during molding op- 
erations, which results in the "juicing" of the low molecular weight phosphate onto the surface of parts molded 
from the thermoplastic composition. Chemically binding the phosphate to a polymer base can result in reduc- 
tions in this "juicing" phenomenon, however, phosphate bound in polymeric form has typically required rela- 
tively larger amounts of phosphates to be present in the polymeric composition in order to achieve desired lev- 

20 els of flame retardant behavior. Efforts to incorporate larger amounts of phosphate into polymeric form, have 
typically resulted in relatively low levels of conversion, and relatively low reaction rates. Additionally, problems 
related to undesired crosslinking can occur, in the presence of impurities in the phosphate, for example di-f unc- 
tional phosphate or from chain transfer through the phosphorus atom. Similarly, prior flame retardant efforts 
have frequently utilized halogen materials in the presence of the polymeric phosphate resulting in the unde- 

25 sired effect of producing potentially undesirable halogen containing gases upon burning of the halogen con- 
taining thermoplastic material. Prior efforts to polymerize phosphates into polymeric products, have typically 
required undesirably long reaction times, for example reaction times in excess of 16 hours, and more frequently 
closer to 48 hours. Additionally, reaction of phosphorus containing materials such as phosphonates reacted 
in via gamma radiation have typically resulted in low molecular weight products, and there is no guarantee that 

30 utilization of the phosphonate will yield the desired flame retardant properties. 

Accordingly, there is a desire to provide a phosphate containing (co)polymer, more particularly a phosphate 
containing graft (co)polymer, which can be obtained via process which exhibits fast reaction rates and high 
levels of conversion. The resulting graft (co)polymer exhibits flame retardant properties, and may be used to 
impact modify thermoplastic compositions and simultaneously provide those compositions with a halogen free 

35 flame retardant Preferably the entire compositions are substantially halogen free. 

Summary of the Invention 

A graft (co)polymer obtained by reacting onto a diene rubber base, a graft of vinyl aromatic monomer, un- 
40 saturated nitrile monomer, and a reactive phosphate of the formula 

CH 2 = C - <j - R* - 0 



Wherein R 1 , R 2 , R 3 and R 4 are defined as below. The resultant graft (co)polymer exhibit flame retardant 
so properties, and can be used as a flame retardant additive without the undesirable effects of plasticization and 
without the presence of halogen containing materials, more specifically bromine containing materials which 
can exhibit undesired properties. The graft (co)polymer can be made by an emulsion process, and can be pro- 
duced at a relatively high reaction rate and at a relatively high conversion level. 

55 Detailed Description of the Invention 

The reactive phosphate is a vinyl reactive phosphate of the formula 
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20 



P o 



CH 2 = C - C - R* - 0 - 



i-o- 



?3 



Wherein R 1 is preferably selected from hydrogen and alkyt groups having from 1 to 8 carbon atoms, and 
more preferably is selected from the group consisting of methyl, ethyl, propyl and butyl, and tertbutyi, and most 
10 preferably is methyl; R 2 and R 3 are independently selected from alkyl groups having from 1 to 20 carbon atoms 
and aryl groups having from 6 to 20 carbon atoms, and more preferably are phenyl groups; and R 4 is a C r C 5 - 
alkylene, C^Cs-alkylidene, or C 5 -Ce-cycloalkylidene, more preferably is an ethyl group. The preferred react 
phosphate monomer is diphenyl-2 methacryloyloxyethylphosphate having the following formula: 



Q 



CH 2 = C - 1! - 0 - CH 2 - CH 2 - O - P - 0 - C 6 H 5 
CH 3 (J 

C 6 H 5 



B 



The vinyl aromatic monomer is preferably selected from the group consisting of styrene and alphamethyl 
styrene. 

The unsaturated nitrile is preferably selected from the group consisting of acryionitrile and methylacrylo- 
25 nitrile. Optionally the vinyl aromatic monomer and the unsaturated nitrile monomer may individually or in com- 
bination be substituted with in part or in whole with a monomer selected from the group consisting of alkyl 
(meth)acryiates, maleic anhydride, maleimide, and more specifically with methylmethacrylate. 

The rubber substrate may be an alkyl acrylate rubber, and olef ic rubber such as ethylenepropylene-diene 
rubber. Preferably the rubber is a substrate, a diene rubber substrate, preferably the rubbery substrate has a 
30 number average diameter of between 50 and 700 nanometers, more preferably between 100 and 500 nano- 
meters, more preferably between 200 and 400 nanometers, which is formed from at least 1 diene monomer 
of the formula: 



35 




40 Wherein R5 is selected from the group consisting of hydrogen and the alkyl groups containing from 1 to 

5 carbon atoms. Examples of the diene monomer include butadiene, isoprene, 1 ,3-heptadiene, methyl-1 ,3-pen- 
tadiene, 2-ethyl-1,3 pentadiene, and mixtures thereof. Preferably, the diene monomer comprises butadiene, 
wherein the rubber substrate comprises a polybutadiene substrate. Alternatively, at least one additional vinyl 
aromatic monomer and/or unsaturated nitrile monomer may be included in the rubber substrate, thereby form- 

45 ing for example, a styrene-butadiene rubber substrate, or a acrylonitrile-butadiene rubber substrate. Prefer- 
ably the rubber substrate is formed from at least 50 weight percent of 1 ,3 butadiene based on the total weight 
of the rubber substrate. As previously mentioned, preferably the graft copolymer is free of halogens, however 
if it is desired that halogen material be present, the halogen may be present in the vinyl aromatic monomer, 
the unsaturated nitrile monomer or in the rubber substrate, for example by employing a halogenated vinyl ar- 

50 omatic monomer, a halogenated unsaturated nitrile monomer, or a halogenated diene monomer. If a halogen- 
ated material is utilized in the graft copolymer, then the advantages of utilizing a non-halogenated flame re- 
tardant may not be present, however, the non-platicizing properties of the graft copolymer should still be pres- 
ent, as well as the enhanced reaction rate and conversion level achieved in the process for making the present 
graft copolymer. The rubber substrate is preferably present at a level of from 5 to 75 percent by weight based 

55 on the total weight of the graft copolymer, more preferably from 10 to 70 percent by weight thereof, and most 
preferably at a level of from 20 to 60 percent by weight thereof, correspondingly the graft superstrate which 
is preferably formed from the vinyl aromatic monomer, the unsaturated nitrile monomer, and the reactive phos- 
phate, is present at a level of from 25 to 95 percent by weight based on the total weight of the graft copolymer, 

3 
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more preferably at a level of from 30 to 90 percent by weight based on the total weight of the graft copolymer, 
and most preferably present at a level of from 40 to 80 percent by weight based on the total weight of the graft 
copolymer. The vinyl aromatic monomer which is used to help form the graft superstrate, is preferably present 
at a level of from 5 to 40 percent by weight based on the total weight of the graft copolymer, and more preferably 

5 present at a level of from 10 to 30 percent by weight based on the total weight of the graft copolymer, and most 
preferably present at a level of from 15 to 25 percent by weight based on the total weight of the graft copolymer; 
the acrylonitrile of the graft superstrate, is preferably present at a level of from 1 to 20 percent by weight based 
on the total weight of the graft copolymer, and more preferably present at a level of from 3 to 10 percent by 
weight based on the total weight of the graft copolymer, and most preferably present at a level of from 4 to 8 

10 percent by weight based on the total weight of the graft copolymer; and the reactive phosphate of the formula 
set out above, is preferably present at a level of from 1 to 40 percent based on the total weight of the graft 
copolymer, more preferably at a level of from 5 to 30 percent by weight based on the total weight of the graft 
copolymer, and most preferably present at a level of from 15 to 25 percent by weight based on the total weight 
of the graft copolymer. The resultant graft copolymer when blended with the thermoplastics provides those 

15 thermoplastics with flame retarding properties and is itself non-plasticizing in those compositions. The graft 
copolymer of the present invention may be utilized to provide dual properties of enhanced impact strength and 
enhanced flame retardancy to thermoplastic compositions, and may be included in such thermoplastic com- 
positions preferably at a level of from 5 to 95 percent by weight based on the total weight of the composition, 
more preferably at a level of from 1 0 to 50 percent by weight based on the total weight of the composition, and 

20 most preferably present at a level of from 1 0 to 25 percent by weight based on total weight of the composition. 
The thermoplastic compositions which are enhanced by the present graft copolymers also comprise the en- 
hanced thermoplastic polymer which is preferably present at a level of from 5 to 95 percent by weight based 
on the total weight of the composition, more preferably present at a level of from 50 to 90 percent by weight 
based on the total weight of the composition, and more preferably present at a level of from 75 to 90 percent 

25 by weight based on the total weight of the composition. The thermoplastic polymer is preferably selected from 
the group consisting of thermoplastic polyesters, specifically saturated thermoplastic polyesters such as poly- 
ethylene terephthalate and polybutylene terephthalate, polycarbonate resin such as aromatic polycarbonate 
resins for example bisphenyl A polycarbonate resin, and optionally polyvinyl chloride resin. 

30 Examples 

The reactive phosphate used in these polymerizations is a commercial product made by Daihachi chem- 
icals known as MR-260. The chemical name of the product is diphenyl-2-methacryloyloxyethylphosphate 

p O 
CH 2 = C - b - O - CH 2 - CH 2 - O - P - O - C 6 Hs 
CH 3 O 

C 6 H 5 

Example 1. 

173.35 parts of water, 53.6 parts of polybutadiene rubber particles with an average particle size of 300 
45 nm and approximately 1 part of an organic acid based soap were combined. A mixture of 1 7.3 parts Styrene, 
5.9 parts Acrylonitrile, 23.2 parts of MR-260 and 0.15 parts of t-DDM (chaintransfer agent) were added and 
the mixture was left for 40 minutes. Temperature is 60° C. Then appropriate amounts of initiator and activator 
were added over a period of 2 hours. Reaction temperature was increased to 70° after 80 minutes. After that, 
the reaction mixture was cooked for an additional 30 minutes at a temperature of 70° C. This is the normal 
so reaction schedule for the production of an ABS graft polymer. 

The solids content after the reaction was 34.2%. Theoretical the solids content can only be 33.6, but dif- 
ference is within the experimental error. Measurement indicates that the reaction is carried out close to 100% 
conversion and that the conventional grafting reaction of Styrene and Acrylonitrile is not hampered by the pres- 
ence of the phosphate. 

55 Astandard coagulation technique using Sulfuric acid was applied to the final latex and after drying a white 
powder was isolated. Insoluble % in Acetone is 89.8. Weight average molecular weight of the remaining free 
fraction is 62,000 g/mole. 
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Example 2 

Similar procedure as in example 1 was followed but no presoak of monomers was applied. This time the 
MR-260 was added in a period of 50 minutes. After 50 minutes, the Styrene and Acrylonitrile were added. Same 
5 temperature and time profile was followed. 

Solids content this time was 33.6%. Insoluble fraction of final product is 84.3% and weight average mo- 
lecular weight of the free fraction is 149,000 g/mole. Results indicate that graft and free rigid characteristics 
can be modified by adapting the reaction procedure and that the values obtained are in the range typically 
observed for ABS products. 

10 

Example 3 

Asolution of 132 parts water and 0.12 parts Polyvinyl alcohol was prepared. 37.50 parts of Styrene, 12.5 
parts of Acrylonitrile, 50 parts of MR-260 and 0.5 parts of t-DDM was added, as well as 0.15 parts of a radical 
15 initiator. The reaction was carried out at a temperature of 75° C during 8 hours. After filtering and drying 96 
grams (out of 100) were retrieved in the form of small beads. Again a very good conversion, but reaction times 
are long. Moreover the material proved to be crosslinked, insoluble fraction is 60%, although initially no cross- 
linked rubber (compare with graft reactions) was present Molecular weight of the soluble part is 85,000 g/mole. 

20 Example 4 

Grafted phosphate copolymer as described in example 2 was blended with a commercial SAN copolymer. 
The properties of the composition were compared with those of a standard SAN/ABS composition and one 
where a liquid phosphate is added. Polybutadiene level is about the same in ail compositions 

25 

SAN 

ABS - np 
ABS - ex 2 

30 

liquid phosphate 

Notched Izod (ftlbs/in) 7.2 5.1 0.8 

35 HDT, 0.125" @ 264 PSI(°F) 183 181 136 

Limited Oxygen Index (%) 18.5 19.5 20.5 

As can be seen, using the bound phosphate increases the FR resistance of the final composition and hardly 
40 affects impact performance and temperature resistance, whereas addition of the liquid phosphate results in 
a dramatic decline of those properties whilst improving the FR-resistance. The ABS - ex 2 is the ABS which 
contains grafted phosphate as obtained in example 2. The ABS - np is an ABS which is conventional and which 
does not contain grafted phosphate. 

45 

Claims 

1. A graft copolymer comprising a graft superstrate and a rubbery substrate, said graft superstrate com- 
prising a vinyl aromatic monomer, an unsaturated nitrite monomer, and a phosphate of the formula 

50 

O 

I 1 

P - O - R 3 

6 
A 2 

where R 1 is selected from the group consisting of hydrogen and alkyl groups, R 4 is selected from the group 

5 
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consisting of divalent hydrocarbons having from 1 to 4 carbon atoms, R 2 is selected from the group con- 
sisting of alkyi groups and aryl groups, and R 3 is selected from the group consisting of aJkyt groups and 
aryl groups. 

2. The graft copolymer of Claim 1 , wherein R 1 is methyl. 

3. The graft copolymer of Claim 1 or Claim 2, wherein R 2 and R 3 are each phenyl. 

4. The composition of any preceding claim, wherein said phosphate is of the formula 



5. The graft copolymer of any preceding claim wherein said rubbery substrate is a polybutadiene rubber sub- 
strate. 

6. The composition of any preceding claim, wherein said vinyl aromatic monomer is styrene and said satu- 
rated nitrile monomer is acryionitrile. 

7. The composition of any preceding claim, wherein said vinyl aromatic monomer is present at a level of from 
15 to 25 percent by weight based on the total weight of the graft copolymer, said unsaturated nitrile mono- 
mer is present at a level of from 4 to 8 percent by weight based on the total weight of the graft copolymer, 
said reactive phosphate being present at a level of from 15 to 25 percent based on the total weight of the 
graft copolymer, and said rubbery substrate being present at a level of from 20 to 60 percent by weight 
based on the total weight of the composition. 

8. A rubbery graft copolymer comprising a diene rubber substrate and a graft superstrate wherein said graft 
superstrate comprises a vinyl aromatic monomer, an unsaturated nitrile monomer, and methylacrylic func- 
tional phosphate. 

9. The graft copolymer of Claim 8, wherein said vinyl aromatic monomer is present at a level of from 5 to 
40 percent by weight based on the total weight of the graft copolymer, said unsaturated nitrile monomer 
being present at a level of from 1 to 20 percent by weight based on the total weight of the graft copolymer, 
and said methylacrylic phosphate being present at a level of from 1 to 40 percent by weight based on the 
total weight of the graft copolymer, said rubber substrate being present at a level of from 5 to 75 percent 
by weight based on the total weight of the graft copolymer. 

1 0. A thermoplastic composition comprising a flame retarding effective amount of the graft copolymer of any 
preceding claim. 

11. The thermoplastic composition of Claim 10, wherein said thermoplastic composition comprises from 10 
to 50 percent by weight of said graft copolymer and from 50 to 90 percent by weight of a polymer selected 
from the group consisting of polyesters, polycarbonates, polyphenylene ethers and polyvinyl chlorides. 

12. A process comprising emulsion polymerization of a vinyl aromatic monomer, an unsaturated nitrile mono- 
mer, and a methacryiate functional phosphate in the presence of diene rubber particles. 

13. The process of Claim 12, wherein said methacryiate functional phosphate is represented by the general 
formula 



CH. 




C 6 H 5 



C 6 H 5 
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10 



0 

CH 2 = C - C - R 4 - 0 - P-0 



R l O 

R 2 

wherein R 1 is selected from hydrogen alkyl groups, R 4 is a divalent alkylene group, and R 2 and R 3 are 
independently selected from the group consisting of alkyl groups and aryl groups. 

14. The process of Claim 12 wherein said methacrylate functional phosphate is represented by the formula 



0 0 
il II 
15 CH 2 = C - C - O - CH 3 - CH 2 - 0 - P - 0 - C 6 H 5 

CH 3 0 

C 6 H S 
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